ABSTRACT. The aim of the current study was to examine matrix metalloproteinase-2 (MMP-2) and tissue inhibitor of metalloproteinase-2 (TIMP-2) expression in patients with cervical disc herniation (CDH). A total of 127 specimens from CDH patients undergoing posterior spinal surgery were obtained for the case group, which was divided into three subgroups: lateral protrusion (N = 102), median protrusion (N = 18), and paramedian protrusion (N = 7). Another 55 specimens from subjects who had cervical spine trauma and underwent spinal canal decompression were obtained for the control group. Routine hematoxylin and eosin staining was performed for pathological diagnosis. Immunohistochemical (IHC) analysis was used to determine MMP-2 and TIMP-2 expression. Under light microscopy, MMP-2-positive cells presented brown-yellow or dark brown staining in the cell membrane or cytoplasm. MMP-2 expression in the case group was significantly higher than that in controls (P < 0.05). Furthermore, MMP-2 expression in the lateral and median protrusion groups was significantly higher compared to that in the paramedian protrusion group (both P < 0.05), while there was no apparent difference in MMP-2 expression between the lateral and median protrusion groups (P > 0.05). IHC results showed that TIMP-2 expression in cases was significantly lower than that in controls (P < 0.05). Spearman correlation analysis indicated that MMP-2 was negatively correlated with TIMP-2 expression (r = -0.418, P < 0.001). In conclusion, MMP-2 expression increased, whereas TIMP-2 expression decreased in CDH patients, suggesting that MMP-2 and TIMP-2 expression may contribute to CDH development.
INTRODUCTION
Cervical disc herniation (CDH), which is most common in people in their thirties and forties, is a serious condition that occurs when the nucleus pulposus (NP), the component inside the intervertebral disc (IVD), extrudes into or protrudes through a compromised or incompetent annulus fibrosus (AF) (Hilibrand and Radcliff, 2011) . In general, CDH can lead to neck and upper extremity pain, myelopathy, or radiculopathy resulting in numbness, weakness, or paresthesias (McCormick et al., 2003; Abbed and Coumans, 2007) . Although the exact pathogenesis of CDH remains unclear, it is widely accepted that mechanical stress may be an important factor in the development of CDH and facet joint degeneration (Takahashi et al., 2013) . It is well understood that the IVD performs key mechanical functions in distributing spinal load and maintaining flexibility (Loreto et al., 2011) . The development of IVD degeneration may be largely attributed to important mediators of cell metabolism within the disc, which contribute to the synthesis, remodeling, and repair of the extracellular matrix (ECM) (Setton and Chen, 2006) . Previous studies have documented that the metabolism of ECM components involves several participants such as matrix metalloproteinases (MMPs), aggrecanases, and tissue inhibitors of metalloproteinases (TIMPs) (Nagase and Kashiwagi, 2003; Visse and Nagase, 2003) . As such, the expression of MMPs and TIMPs has recently been proposed to be closely related with the development of CDH (Zigouris et al., 2011; Vo et al., 2013) .
MMPs are described as zinc-dependent endopeptidases that are capable of cleaving the protein components of the ECM, and thus have a relatively crucial role in tissue remodeling (Honkavuori-Toivola et al., 2013) . As one important member of the MMP family, MMP-2 actively functions in the secondary breakdown of collagen during the tissue remodeling process (Kozaci et al., 2006; Séguin et al., 2008) . Additionally, a large amount of evidence in animal models suggest that MMP-2 is significantly correlated with degenerative changes (Hsieh et al., 2009; Rastogi et al., 2013) . It is widely accepted that IVD degeneration may be linked to proteolytic degradation of the ECM, resulting in several structural changes, such as AF disorganization, calcification of the cartilaginous end plates, and dehydration and fibrosis of the NP (Boos et al., 2002) . MMP-2 was demonstrated to play an important part in degenerative disc disease as it interferes with the activity of AF cells (Rastogi et al., 2013) . Particularly, the knockdown of MMP-2 in AF cells leads to a significantly decreased ability to reorganize and contract collagen gels (Rastogi et al., 2013) . IVD tissue structure is thought to be mainly composed of collagens and proteoglycans (Kozaci et al., 2006) . In the AF, matrix changes are accelerated with increase in age, which is thought to be a result of enhanced catabolic processing of the ECM (Akeda et al., 2007; Salo et al., 2008) . While MMP-2 generally exists in an inactive pro-enzymatic form, it was observed that mechanical stress could induce MMP-2 activation (MacLean et al., 2008; Rastogi et al., 2013) . Since mechanical stress is a major risk factor for the development of CDH, we hypothesized that MMP expression may be associated with the occurrence of CDH. According to previous results, ECM remodeling by MMPs under the condition of pressure overload is largely mediated by TIMPs (Kassiri and Khokha, 2005; Spinale, 2007) . The TIMP family proteins are the inhibitors of MMPs and consist of four members, namely TIMP-1, -2, -3, and -4 (Honkavuori- Toivola et al., 2013) . Among them, TIMP-2 is specifically responsible for the regulation of MMP-2 activity (Têtu et al., 2006) . Under normal conditions, TIMP-2 can activate pro-MMP-2 to MMP-2; however, when the amount of TIMP-2 is excessive, MMP-2 expression can then be repressed by TIMP-2 (Brew and Nagase, 2010; Givvimani et al., 2013) . Therefore, the goal of the present study was to measure the expression of MMP-2 and TIMP-2 in the cervical discs of CDH patients and normal controls and to further explore their potential roles in the pathogenesis of CDH.
MATERIAL AND METHODS

Ethics statement
The current study protocol conformed to all relevant medical ethical guidelines, and was approved by the Ethics Committee of Jieyang People's Hospital. Written informed consent was obtained from all study participants and their families prior to their enrollment, and the study conformed to the principles of the Declaration of Helsinki (General Assembly of the World Medical Association, 2014).
Study participants
Between January 2012 and January 2013, a total of 182 cervical disc specimens were obtained from 182 patients in Jieyang People's Hospital. Among them, 127 specimens were obtained from CDH patients undergoing posterior spinal surgery, which comprised the case group. In this case group, there were 79 males and 48 females with an average age of 42.8 ± 6.1 years (ranging from 27 to 59 years old). The selected patients were diagnosed with CDH by magnetic resonance imaging (MRI), and the diagnoses were confirmed by postoperative pathology as previously described (Mann et al., 2011) . All CDH patients presented the following typical clinical and physical symptoms: 1) upper limb and arm pain, numbness, and/or lacking of strength; 2) weakness with walking or standing, lower limb numbness, and/or gait instability; 3) headache, nausea, dizziness, blurred vision and/or palpitation; and 4) neck and shoulder pain, and/or zonesthesia in the chest or abdomen. The radiographic manifestations of CDH were as follows: 1) conventional cervical anteroposterior and lateral radiographs as well as flexion/extension radiographs showed segmental instability, with the degree of degenerative narrowing of the intervertebral space being <50% (compared to normal intervertebral space); and 2) hyperosteogeny in the anterior and posterior borders of the cervical vertebral body. All CDH patients further underwent MRI examination and were divided into the following three subgroups based on the results: 1) lateral protrusion group (N = 102); 2) median protrusion group (N = 18); and 3) paramedian protrusion group (N = 7). Additionally, another 55 specimens were obtained from subjects with cervical spine trauma who received spinal canal decompression, which comprised the control group. In this group, there were 37 males and 18 females, with an average age of 26.8 ± 5.3 years (ranging from 16 to 34 years). The preoperative X-ray and MRI findings of the controls revealed normal cervical intervertebral disc tissue as described at http://www.uscspine.com/conditions/neckherniated-disc.cfm. No differences in age, gender, or body mass index were observed between the CDH patients and controls. All the subjects included were negative for rheumatic diseases.
Specimen collection and processing
All samples were collected intraoperatively and were washed in normal saline solution. Then, the specimens were fixed in 10% formalin solution for 24 h at room temperature before dehydration and paraffin embedding. Subsequently, the paraffin embedded samples were cut into at least five 5-μm thick sections with a microtome (1516, Leica Microsystems, Nussloch, Germany) prior to routine hematoxylin and eosin (H&E) staining for pathological diagnosis and immunohistochemical streptomycin-biotin-peroxidase (SP) staining for protein expression detection. A total of five sections from each tissue specimen were analyzed, of which one was selected for H&E staining, two for SP staining of MMP-2 and TIMP-2, and two were used for negative controls.
H&E staining
Routine H&E staining was conducted as previously reported (Tschoeke et al., 2008) . Briefly, the slides were dewaxed in xylene I (1 x 3 min) and xylene II (1 x 3 min) (AR, Guangdong Guanghua Chemical Factory Co., Ltd., China); hydrated in ethanol I (1 x 2 min) and ethanol II (1 x 2 min); and rehydrated in 95% industrial alcohol (1 x 2 min), 85% alcohol (1 x 2 min), and 75% alcohol (1 x 2 min). After a short rinse with tap water for 3 min, the deparaffinized tissue sections were stained with hematoxylin (1 x 8 min); washed with running tap water (1 x 3 min) and 1% hydrochloric acid (1 x 30 s); and rinsed with running tap water again (1 x 20 min) and 1% ammonia (1 x 1 min). Following a wash with running tap water for 30 min, the slides were dyed with 0.5% eosin (1 x 3 min) and then dehydrated with 95% alcohol I and II for 2 min. Next, the sections were dehydrated with ethanol in graded alcohol solution similar to that described above. Finally, the slides were dipped in xylene (1 x 3 min); washed in xylene I (1 x 2 min) and xylene II (1 x 2 min) until transparent; and then mounted with Permount (Fisher Scientific Co., Fair Lawn, NJ, USA) for viewing with an optical microscope (Olympus Optical, Tokyo, Japan).
SP staining
Immunohistochemical SP staining for detection of protein expression was performed in accordance with published procedures (Mazzoni et al., 2009) . Briefly, the paraffin sections were dewaxed in 37°C xylene and hydrated with ethanol in graded alcohol solution, and then washed with phosphate-buffered saline (PBS, pH 7.4, 3 x 3 min). Thermal remediation for TIMP-2 was then performed using a citrate antigen retrieval solution. Specific procedures were as follows: first, 1500 mL citrate buffer solution, pH 6.0, was heated to boiling in a stainless steel pressure cooker. The tissue sections were then placed in the boiling buffer and heated at this constant temperature for 1 min. After cooling to room temperature by rinsing with tap water, the sections were removed and washed with distilled water (2 x 3 min) and PBS (2 x 3 min). After a drop of reagent A [peroxidase blocking solution (Dako)] was added, the pre-treated sections were incubated at room temperature for 10 min. Following washes with PBS (3 x 3 min), reagent B (non-immune swine serum) was added and the sections were incubated at 37°C for 10 min. After removal of the serum, 50 µL primary mouse antihuman MMP-2 or TIMP-2 monoclonal antibodies purchased from Zhongshan Technology (Zhongshan, Beijing, China) was added and the sections were incubated at 4°C overnight. Following PBS washes (3 x 5 min), reagent C (biotin-labeled secondary antibody) was added, and the sections were then incubated at room temperature for 10 min. After additional PBS washes (3 x 3 min), reagent D (streptavidin-peroxidase solution) was added, and the sections were then washed again with PBS (3 x 3 min). Next, 2 drops of 3,3'-diaminobenzidine tetra hydrochloride (Xiamen Engineering Machinery Company, Fujian, China) chromogen solution were added, and the sections were then rinsed with tap water for 3 min. The slides were then counterstained with hematoxylin for 20 s and dried. Finally, the slides were mounted with Permount. Pathological sections provided by Zhongshan Technology known to be positive for MMP-2 and TIMP-2 were used as positive controls. Negative controls were treated with PBS instead of the primary antibody solution. Positive expression of MMP-2 and TIMP-2 was predefined as cells with brown-yellow or dark brown staining in the cell membrane or cytoplasm. A total of 10 non-overlapping fields of view were randomly selected and analyzed with a light microscope, and grayscale values were quantified.
Statistical analysis
All statistical analyses were performed using the SPSS version 19.0 statistical software (SPSS, Chicago, IL, USA). The nonparametric Wilcoxon test was used to evaluate if the data were normally distributed. Measurement data are reported as means ± standard deviations (means ± SD). Student t-tests were used to make comparisons between groups. All statistical tests were two-tailed, and P < 0.05 was considered statistically significant.
RESULTS
MMP-2 protein expression
Under light microscopy, cells positively expressing MMP-2 presented brown-yellow or dark brown staining in the cell membrane or cytoplasm. As shown in Table 1 , the protein expression level of MMP-2 in the case group was higher than that in the control group, and there were significant differences in the grayscale values between the groups (P < 0.05). Furthermore, the MMP-2 expression level in the lateral protrusion and median protrusion groups was significantly higher when compared to that in the paramedian protrusion group (both P < 0.05). Additionally, there was no apparent difference with respect to the expression of MMP-2 between the lateral protrusion group and median protrusion group (P > 0.05). Examples of MMP-2 staining in the case and control groups are presented in Figure 1 .
TIMP-2 protein expression comparison
Positive expression of TIMP-2 was observed as brown-yellow or dark brown staining in the cell membrane or cytoplasm under light microscopy. Examples of TIMP-2 staining in the case and control groups are presented in Figure 2 . The SP-staining results revealed that the protein expression level of TIMP-2 in the case group was significantly lower than that in the control group (161.37 ± 3.99 and 168.53 ± 4.59, respectively; t = 10.61, P < 0.001). 
Correlation analysis between MMP-2 and TIMP-2
Next, a correlation analysis between MMP-2 and TIMP-2 expression in the cervical disc specimens was carried out. The Spearman correlation analysis results indicated that there was a significantly negative correlation between the expression level of MMP-2 and that of TIMP-2 in patients with CDH (r = -0.418, P < 0.001). These results demonstrate that reduced expression of TIMP-2 may be a potential factor contributing to the upregulation of MMP-2 expression.
DISCUSSION
In the current study, the expression of MMP-2 and TIMP-2 in the cervical discs from both CDH patients and non-CDH controls was carefully and systematically assessed. We found that the CDH case group had significantly higher expression of MMP-2 than the control group; moreover, the expression of MMP-2 in CDH patients with lateral and median protrusions was higher than that of patients with paramedian protrusions. These results demonstrate that increased expression of MMP-2 may be involved in the development of CDH. It has previously been reported that ECM degradation is a feature of IVD degeneration (Yurube et al., 2012) . Additionally, MMPs are capable of breaking down certain ECM proteins and thus have an active impact on ECM remodeling via the degradation of matrix scaffold macromolecules (Nissi et al., 2013) . MMP-2 belongs to the MMP family, and plays an important role in ECM degradation both directly and indirectly (Kozaci et al., 2006) . It is well known that water and collagen are the major components of the IVD, while the ECM of the NP and AF is mainly composed of type 2 collagens (Yurube et al., 2012; Vo et al., 2013) . There is also evidence showing that several changes in the NP may lead to abnormal load in the AF, causing further breakdown and finally resulting in structural failure found in IVD degeneration (Vo et al., 2013) . Along these lines, MMP-2 has been observed to participate in the secondary processing of collagen and was found to effectively cleave intact triple-helical collagen (Rastogi et al., 2013) . More importantly, it was demonstrated that MMP-2 knockdown reduced localized gelatin degradation and repressed the ability of AF cells to remodel the collagen matrix (Rastogi et al., 2013) . Considering these results, it is plausible that increased MMP-2 expression may be linked to the pathogenesis of CDH.
Another important result of the current study was that the expression of TIMP-2 in the case group was significantly lower than that of the control group, indicating that reduced expression of TIMP-2 may also be associated with CDH pathogenesis. It has been suggested that the process of tissue remodeling, which is characterized by rapid growth and structural tissue changes, involves both the function of MMPs and their inhibitors, namely TIMPs (Nissi et al., 2013) . TIMP-2 is considered a unique member of the TIMP family since it not only suppresses MMP-2, but also promotes the cell-surface activation of pro-MMP-2 via the interaction with MT1-MMP (Stetler-Stevenson, 2008 ). Thus, TIMP-2 exhibits dual functions as it has the ability to activate pro-MMP-2 and inhibit active MMP-2 at the same time (StetlerStevenson, 2008; Givvimani et al., 2013) . Specifically, under normal conditions, TIMP-2 is responsible for the activation of pro-MMP-2, but when the amount of TIMP-2 is too high, MMP-2 is consequently repressed by TIMP-2 (Brew and Nagase, 2010). As discussed above, the occurrence of CDH may be partly attributed to increased expression of MMP-2 owing to its involvement in ECM degradation. Therefore, we hypothesize that reduced expression of TIMP-2 may lead to the upregulation of MMP-2 expression, thereby contributing to the etiology of CDH.
In summary, the results of the current study showed that MMP-2 expression significantly increased, whereas TIMP-2 expression significantly decreased in patients with CDH, suggesting that MMP-2 and TIMP-2 expression may contribute to the development of CDH. Thus, the measurement of MMP-2 and TIMP-2 expression may be important in the diagnosis of CDH.
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